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An approach for clearer observation of differences

vhen evaluating educational programs is presented. The standardized
tests utilized in evaluating programs are designed to measure topics
commonly taught and to maximize individual differences. This masks
between-program differences and the unique aspects of different
programs. Analysis of item difficulties for an achievement test
relative to the program mean difficulty assists in identifying
program strengths and weaknesses. The correlations of programs (as
variables) using item difficulties as observations indicate the
degree of communality between programs. These techniques should
assist in evaluation of innovative educational programs. (Author)




0 095201

003 873

US DEPARTMENT OF MEALTHN.
EDUCATION & WELFARE
NATIONAL INSTITUTE OF

EDUCATION
TH1S DOCUMENT HAS BEEN REPRD
OUCED EXACTLY A5 RECE(VED FROM ’
THE PERSON DR DRGANIZATION DRIGIN *
ATING IT POINTS OF VIEW OR OPINIONS
STATEO OD NOT NECESSARILY REPKE
SENTOFEICIAL NATIONAL INSTITUTE OF
EOUCATION FOSITION DR POLICY

EVALUATICI OF ZDUCATIONAL F203RAM DIFFZRENCES
VIA ACEIZVZ.=ENT TiST ITR!I DIFFICULTIZS*

Ernest A. Rakow, FPoston College BEST COPY AVAILABLE

rurposs

The purpcse of this paper is to present a uniqus approach for more clearly
observirg differences when evaluating educational programs. Generally,
standardized achievement tests are the central instrumsnt utilized in eval-
uvation of educatioral programs such as Title I evaluations, Froject rollow-
Througzh, and Zouality of Zducationz2l Opportunity. Standardized achieve-
ment tests are designed to maximize individual differences and measure
them reliably. 3uch tests measure topics taught in many educational pro-
grams ané avoid thiose topics which occur in few educational prozrans.

These tests ars refined via statistical analysis of the items using the
iten difficulty and discrimination. These statistical procedures are
applied to largeﬂsamples of students from many educational programs to
maximiza the reliability of the measurement of individual differences.

This also terds to increase measurement of common topics and avoidance of
unique topies. Consequently, while standardized tests provide excellent
measures of individual differences on common topics, they may not be appro-
priate for program evaluation. Frogram evaluation should focus on dif-
ferances between programs, i.e., the ways in which particular programs are

unique, as well as indicating adequucy on the common topics.

#Faper presented at the Annual .eeting of American Educational Research
Association, Chicago, Illinois, April, 1974. vork on this paper was
supported by a grant from Carnegie Corporation to Dr. George iladaus and
Dr. Feter Airasian,
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iwasuremant of the uniéue aspects of an educational program would requirs
testing procecures which could identify homogenous performance within a
particular program but heterogeneous psrformance between programs, This
paper presents an approach for further inspection of achievement test data

when evaluating programs.

lathod

The tmchniques presanted here are further analyses of item difficulties

for items of a normereferenced achievement test. One could view each item
as another observation taken on each of the programs. The mean of the

item difficulties for each program could be szamined to observe overall
differences in level of achieveniont. This would yield the same conclusions
as evaluating programs via the means of the test scores. Programs could
also be considered as variables enabling the calculation of correlation
coefficients of these observations (items) on programs (variables), If
there are no program differences, othsr than level of achievement, these
correlations should all bs approximately equal and their magnitude should

be close to that of the reliability of the test. Howaver, if soma corre-
lations are considerably lower than the test reliability this is a clear
indication of program unigquencsses. If there are no unique program effects
then the difficulty of an item relative to the mean difficulty for a program
should be approximately equal in all programs. If there are progran dif-
ferences, thren an item which measurses & unique aspects of the prozram should
be of greater relative difficulty in one program tran in another. It should
be noted that this approach concentrates on performance relative to the mean
of that program, not on the overall level of performance as reflected in
program means. '

If correlations significantly below the reliability coefficient are obssrved
one could proceed by further evaluating the item difficulties. One could
‘calculate the intraclass correlation for each item between the programs.,
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The items with higher intraclass correlations indicate items measuring
greater program differences. One could also examine the item difficulties,

searching for items which may cause the lower correlation btetwsen programs,

Data
The data for this paper are the iten difficulties for a 69 item mathematics

achievement test administered to mathematics students in their final year

of secondary school in twelve countries. There are twelv\ itnn difflculty
estimates for each item, one for each country included in the sample.
These item difficulties were published in a bulletin by the International
Association for the Evaluation on Zducational Achievement (IEA).

Results

The results of applying these procedures to the data from the twelve coun=
tries are interesting. First of all, there are significant differences

in the mean level of achievement (as was reported by IZA). But that is
not the point of this paper.

Ireating the item difficulties as the observations on twelve countries

a correlation matrix was calculated. These correlations are given in Table
1. At the bottom of this table the country means ard reliabilities are
also given. The median reliability. for this test in these countries is
0.88,

Excluding the main dilagonal, the median correlation in this matrix is

0.70, which is significantly below the lowest reliability (.79). Only

six correlations are larger than the lower of the two reliability estimates
for the corresporriing pair of countries. Three of these high correlations
are.for the countries of £ngland, Scotland and Australia (the only countries
of the British Commorwealth included here). These high correlations indi-
cata similar patterns of item difficulties relative to the country means.
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One exmlanation for this could be similarities in the educational system
and especially in the emphesis of the mathematies curriculum. iote that
this is a vary different interpretation than suggested by the overall means,
(England is high while Australia is low.) It is azlso granted that a com-
peting explanation for these high correlations could be the cultural anmd
social similarities of these countries, The other three high correlations
are for the countries of holland, Sweden and Finland. Once again, the

two competing explanations are (1) cultural and social similarities or

(2) similarities in the aducational system and in the empheses in the

teaching of mathematies.

Fifty of the sixty-six correlation coeffiiients in this matrix are sig-
nificantly below the lower of the two reliability estimates for that pair

of countries. (Significance is defined as having a 2 score for the corre~
lation rore than 1.65 standard errors below the Z score for lower of the
reliability estimates. Fays, 1963.) The country with tha lowest corre-
lations is Israel. The correlaticns of Israel with other countries range
from a low of 0.25 (the lowest in the matrix) to a high of 0.70. Other
countries in which every correlation is significantly below the reliability
estimates are the United States, Belgium and France. The lower correlations
are the result of differences in the pattern of item difficulties relative
to the mean. This would seem to indicate that the organization and emphasis
on topics within the mathematics curriculum has some unique aspects. for
these four countries, This seems reasonables when one is aware that these
tests ineluded item testing both higher and lower mental process scores

and the topics of new mathematlies, elementary and intermediate algebra,
Euclidian and analytic geometry, calculus, analysis and set theory. Ferhaps
it should be noted that the test mean for Israel is very high while that
for the United States is low, so that this is more than merely indicating

level of performance,

These significantly ‘lower correlations led to further examination of the
item difficulties. The next step was to calculats the intraclass correlation
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for each item. This statistic provides an indication of the between country
haterozeniety relative to the within eroup homcéeniety for each iten,

Ths intraclass correlation can be interpreted as a proportion nf explained
variance, I theres are between zroup diff?rences these intraclass corre-
lations would te greater than zsre for each item. A4lso, if the relative
performance of these items vas the same, then the intraclass correlation
should be approximately equal for all items. -Table 2 shows this is not

the case, These intraclass correlations rangé from a low of .020 to a

hizh of .271.

Table 2 presents only a subset of this further analysis of the item dif-
ficulties. Only thirty of the items are presented here. These items are
the ten with the highest intraclass correlations, ten with tha lowest, ard
the middle ten. This table also providss the psrcentage of correct re-
sponses to these items for six of the countries and for all twelve countries
combined, The last line in the table is the percentage correct on the
total test of sixty-nine items. The second last line is the parcentage
correct on the subset of the ten items with the highest intraclass corre-
lations. Comparison of these parcentages for 69 items and for 10 items
revesls the percentages for the United States and Australia are even lower
for teh jtoms than for Sixty-nine items while for Isr:sel the reverse is
true. i.e., the percentage is even higher for ten items than for sixty-
nine items. This is simply an indication that those ten items are more
sensitive to between country differences than is the entire test. For the
items with hizhest intraclass correlatien the typical range for the per-
centage of correct responses for these items is about 60. For the middle
ten items on the intraclass correlation the typical range is 33. For the
lowest ten the typical range in percentages is 28.

This led to further analyses of the item difficulties. The percentages
right on individual items for each country were compared with the percentage

for all countries combined. In general, one_would expect the three countries
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with lower means to have items with lower percentages correct and would
expect higher prercentages correct in the three countries with higher neans.
This tends to be true. In Table 2 plus (+) siens are used in the three
low countries to indicate item Gifficulties above the level for all twelve
countriss combined. For the ten items with the highest intraclass worre-
lation, in the United States only one item has a 4 and there are only two
+'s for Australia. Ferkans this caused the percent rizht for the first
ten items in each of these countries to be lower than for the entire test.
These are the items whith were even more difficult than expected in these
countries. lagative (-) signs are used in the three hLigh countries to
indicate ite:n difficulties whkich are below the level for all twelve coun-
"~ tries. For these sanme teri itens there is only one negative for Israel,
This contributed to a higher percentage right on these ten items than in
the total test.

Further analysis of item difficulties within these sets of three countries
could be pursue&.' For example, the item with the intraclass correlation of
«216 (rank of 3) has a percentage right of 3 in the United States and 42

in Finland. For this same item ZEngland had 16 parcent right while Israel
had 62 percent. Thase two pairs of countries have similar means, so this
item appears to indicate differences in mathematics ability which is not
shown in the country means.. Cthsr items also cotild reveal such differernces,
such as tha one with 2 rank of six or a ran% of eight. On item six, the
percent right for the United States is 31 whils it is 4 for Finland. On
item eight in England the percent correct is 70 while in iIsracl it is only
35. Thsse two comparisons are the raverse of that shown in item three.

The effect of combining these items would be to show little difference in
performance for each of thess pairs of countries. However, the item dif-
ficulties clearly indicate there is a difference. ’

Importance
These results indicate that analysis of item difficulties can be an important
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technique in evaluating educational programs. These procedures aid in
identifyin: unique aspects of a program which may be different ~from another
program. Such uniquenesses may be hidden by examination of test scores
and differences betvesn means. Thus, these techniques should be an im-

portant aid in program evaluation.
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TABLE 2. ITEM STATISTICS: INTRACLASS CORRELATIONS AND ITEM DIFFICULTIES

Percentage Correct

Intraclass Twelve
Rank Correlation Countries U.S. Austr. Finl. Japan Engl. Israel
1 271 64 25 67+ 70+ 48- 91 90
2 .226 29 13 11 48+ 52 28 90
3 +216 18 3 7 42+ 29 16- 62
4 .215 48 39 29 75+ 79 44—~ 75
5 .207 41 11 47+ 17 31- 81 71
6 .2 23 31+ 10 4 8- 29 50
7 .1 20 14 10 4 59 12- 66
8 .189 54 58 25 72+ 85 70 36~
9 .188 55 20 45 63+ 49- 75 82
10 .178 23 19 16 9 21~ 68 43
30 .085 87 84 90+ 94+ 92 92 90
31 .083 52 34 34 51 54 65 58
32 .081 49 43 29 45 67 48 91
33 .080 28 16 18 24 43 40 43
34 .079 72 - 48 62 73 82 83 88
35 .074 71 54 62 80+ 90 80 64
36 .070 v 4l 474+ 32 47+ 53 49 36~
37 .069 43 23 38 53+ 52 57 87
38 .069 48 29 46 44 53 63 83
39 .068 47 32 34 47 54 55 53
60 .038 66 51 .59 62 71 79 - 77
61 .038 63 57 53 56 64 76 86
62 .037 67 49 71+ 55 77 82 89
63 .035 17 25+ 13 11 25 ° 15- 1-
64 .035 29 33+ 23 11 30 38 25~
65 .031 31 37+ 25 14 28~ 46 27~
66 .021 60 . 53 53 74+ 61 70 55~
67 .021 21 21 15 24+ 33 19 20
68 .021 62 63 64 58 55- 76 60
69 .020 51 57+ 44 37 49 58 70
ot 37.5 23.4  26.2  40.6+ 46.0 51.2  66.5
All i .
69 .199 46.9 37.0 39.8 44,1 54.1 57.7 61.2

~+ These percentages are higher than for all twelve countries combined even
though the means suggest lower percentages.

- These percentages are lower than for all twelve countries combined even
though the means suggest higher percentages.’
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